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This course covers some pf the main concepts of Physics that 



to the water and wastewater field. '-^The subject areas covered are: 
^ ^ . Liquids" . ^ - 
. , a. Specific gravity 

b. Specific v/eight and density-spressut-e 

ress.ure -\ •■ '' f y j 

res?ure due to height) ^\ 
iquid Flow - ' - 



relate 




a. Rate of flow * 

b. Continuity principle 
Bernoul 1 1 ' s Theorem ' 



d. Flow measurement (Venturi meter) 

e. .Frijction loss 
Temperature and Heat 

a. Fahrenheit/Celsius scales^ 

b. British Thermal Units • f 

c. Specific heat 
El^ectriD Currents • • 

a. Current {Amperes) 

b. Resistance 

c. Voltage 

d. Converting^ectric, current to mechanical power 
1. Watts/KlloVatts^ ^ , . . 

N *'ir" Horsepower* r ^ . . 

; Motor efficiency 




The pre-requi sites necessary to accomplish this courseMn 
Physics for Water and Wastewater. Technology are: 

1. Basic Algebra 

^ 2. Geometry , 
ai Areas 




b. Vo 
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The concepts covered iy pe section liqiids are: 
I 1. Specific gravity | 
^2.' Specific weight * ^ 



3. Pepsi ty 



These concepts are prevalent in water and wastewater technology in ^such areas 

as : ; • . . > ■ 

1., ^yc^iiid flow^ / 

2. i^ai%es in applied pressure 

3. Pump pe,rfbnrBnc6 / 
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i IIQUIDS • 

" 'V' ■ ' ■ 

Liquids are ^ubstances that have definite size b,ut take the shap 
Of tpeir container. Liquids have specific properties. These properties 
distijiguish each type of liquid from another liquid. ' 

Specific Gravity • , 

^ One such property is' specific gravity. The specific gravity is ' 



a pure number, that means it has no unit value. 



Example: 5 cubic feet, 2 pcfljnds, 15 gallons. » Cubic feet, pounds 
gallons are unit values; therefore, eTpure number is 5 or 2 or 15. 

Specific gravity" is a number* that indicates* if a substance is 

- ' ■ . ' ' ' ' 

lighter or heavier than an equal volume of pure Water. 

, \ \ . . - ■ 1 - / _ 

Example 1: The specific gravity of cast iron is 7.05. "This/mearis 

'. ^ . ' .; . ■ f\ -- ^ 

that a volume of cast iron is 7.05 times heavier than the same vol umd pf 



/ 



w<iter. 



Example 2: Lubricating oil has a speqific gravity of 0;870» Th 

fli ■ '■' ' ' " ■ ' /■' I * 

Ome'ans that a volume of oil is 0.87 times "heavier" than' the same/volume \r 
.water. But since water ^has a specific gravity of 1 »1 , therefore, oil is I ' 
lighter than water. / i | 

Specific gre^yity is a factor that effects the flow of liquids. 

Although in water and wastewater the specific gravity do^/not change drastically 

]a -range of 1.00 to 1.08). It is' taken, into consul deration when water and waste-. 

■ ' . . ' ■ ' 2'-'^ ■■/ ' ' ■ 

water is to be pumped, or the weight of the liquids |s needed. j 

' ^ ■ ■ ' ■ ■ • ■ . ■ ■/ ■ • ■ ■ : i 

Specific gravity is more of a fac^r in V)fastewater since the soli(is' | j 
in wastewaiter do change the weight of the wastewa^r and therefore the change 
in specific gravity. . " / ' ; ' 

Specific gravity is defined as a ratio between the weight of a 
subst^ance with' a specific volume and the weight of pure water with an equivalent 
voTume. . - *. / 
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Probjem 

A tank full of pure water weighs 1200 lbs. How much would that »v 
weigh if. the contend had wastewater with a specific gravity of 1.03? 



same tank 
Solution . 



• . Weight of pure water x speciVic gravity = weight wastewater. 

1200 ^ 1.03 = 1236 lbs. ^ * 

Proble m / , , 

■ '~~ ■ / * 

If the weight of pure wate/is 7500 1bs. The weight of tj^e same 

volume of wastewater is 7875 lbs. • Calculate the speci^fic gravity of the 
wastewater. , . 

Solution 

^ Specific gravity = weight of wast^ter 
■'^ Weight of puhe water . ■ * ' . 

sf). gr. = 7875 lbs. = 1.05 ■ , • ■ ' ' 

( TOT lbs. 

^ Specific Weight |ind Density ' , * 7 A ' 

Another characteristic of liquids is specific weight (sp.-wt.)^d 
- density (d).- Specif^ic weight (^p^ wti) is a value obtained by dividing the 
^weight of the. liquid by its volume. V Density ts a value obtained by dividing- 1 
the mass\ of the liquTd^y ^Tts volume.- ^ » 
• Density~is a value that indicates if a. substance" is denser (heavier) 

than another* subs tarfce. The'proper unit expressing density is slugs/ft. 

Example: Lead has a density of 22.0 s lugs/ft. 3/ whi le pure water, has 
^ a density of 1.94 slugs/ft. 3. Therefore, lead "is denser than purfi water'. f< ^ 
Supposldy^the^densitiraT^ubstance lubricating oil is 1.^75 slugs/ftV*^-^en ' - 
. oil Is less dense _thaf( pure water since Riir^ater has a density 'of 1.94 slugs/ftA ' 
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By knowing the density (d)/|f a substance the specift^^yity- of 



the substance can be -ca.lculated. 



Specific gravity = density/of substance^ 

density/ of pure >yater 



Example: The 'density pf.ilcohol is 1.53 slugs/ft.^'. The denst^^ 




of v)aterMs 1.94 slugs/ft.3. What /is thfr,specific gravity of alcohol. 



\ Solution 



sp. gr. =_da_ =, l.53 sli/gs/ft. j 
dw 1.34 sl^gs/ft.'i 

sp.' gr = 0.79' * , 



Example: The specif gra^i'ity^ 





sp. gr.^= specific gravity 

^^-^^P^"^^*^^^ alcitfhol 
dvA^ densi 



is the density-CdvM) of the wa^/tewater 
''Solution 



ity 'gf^jDure watf^r 
aT^as^/^Vj^ater sample is 1.06.> j^hat 



sp. gr. = 



sp. gr. ^ specific-gravity 



dww = density of wastevyatir 
dw =, density of pure water 



dww = sp.^ gr. X dM ■ 

= 1.08 X l,947slugs/ft.3' '^^^ 
dww = 2.095 slugsm.3 J 

> Since density is /a value obta'ined from the mass of , the substance /the 

■_■■// ■ . •' , • • . 

; definition of masis^ is) a meksure of rpsistahce a substance has to chaWjin its 
motibnr. The resistance tfiat lias" to be over come, is the "quantity of matter" in 
the substance. . / 
• • 'it is ea/ter tofpush a small car tIfSn a large *trulk into motion. What 

is uneven is not the forde applied by the person pushing i)ut< the quantity 
represent^g ^ gar and truck.^ Now most confuse mass and weight. , Though both 
concepts are intfir^onnecied, mass i^ amount, and weight is the amojunt of 
gr^^tati^al pull appljud to. the substance. That is weight is the force. with 
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which,a subs,tance is attracted towards center of earth. The unit^'f 
measure is pounds (lbs.)- 

.To calculate specific weight, the weigfit of a substai^ is divided 



by its volW. 



W= specific wei-^ht lbs/ft. ^ 
3biilbs. . 



' . w = weigf 

/ / ' . -VL=. vol Ufip ft.^ , ' . ' 

specific gravity is also a fun ctionrot- specific weight/the^ formula!" v 

sp. g^. = Ws • v,' -isp. gr. = specific gravity 

Ww 

^ * Ws -specific weight of substance 

' ' ^ Ww = specific weight of water 

, /V • (62.4 lbs. /ft. 3) 

•To calculate dehsity using mass and" volume, dividfe the m'a^ss of a 



substance by Its volume. 

d'=m 



^ d =)j|Bnsity slug5/ft.3 ( 
m\ g M^ s slugs 



^ / V = Volu^ne ft. 3 ^ i 

To calculate weight /w) mult^h^ mass^ (m)-with gravitation force (g) 



or acceleration oi^ gravity. The value of (g) is constant'. Jt is-32. ft. /sec 
/ ■> w = m X g, 



2 ' 



\ 



w = weight lbs. " . ^ 
= acceleration 



^ iri = Mass 



gravity 
/ 



Pro])1enis ; 

' ■ . • h " ■ „ " ■ ' ■ . > 

^ Example: 1.336\ cubic feet of water weighs 83.4 Ybs. Calculate 

J specific weight'. , \ ' . \' . / * 

■'. ■ \ ■ \ ■ ' ■■ ^ - ■ . ' 

. \ ■ ■ r. ... 

.. ■ ■ ■ ■ , \., , , . • . \ 
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W =.w._ 83;i. lbs., = 62.4 lbs/ft. 3 ■ ^ ' ; ) 

• V/ ^ ^Example: A vol43ine>f oil weighs 1.90 lbs. Ahe specific w/ight ofs 
theoi'l Is 54.2 lbs/ft.'3A^£alCuT^ 

Solution , 



•,W = w ■ ■ ■' ' , ■ ■ - ~ ' ■ . ■■ ■ . 



W X V = 



♦ V ^ w , 190 tBs. • = 196. lbs.. X ft.^ _ 3.51 ft. ^ 
/ 54,2 Ibs./ft."^ . 54.'? lbs. ^ 



✓ 



V.=- 190 lb s. X ft. 3 
V =3.51 ft. 3 



' .54.2 lbs.. \ , ' V 



Ex'ample: The specific gravity of^Tudge from the secondary treatment 



Is 1.03. The volume is 8500 Vt. 

Cetlcullite: . \ , 0' 



1. The weight of the/ sludge. . ^-v 

.2. The densitl^r the sludge. ^ . ,^ ' 



<» Soljution - * 
1. The solution to this part .of the problem depends upon combining 
twb formulas: ^ * 



a. sp. gr. = Ws sp. gr. = specific gravity 

' Ww 




Ws = splcific^weight of sludge 

lbs. /ft; 3; 

Ww = specific weight of pure 
. water (6^.4 lbs. /ft. 3 



b. Ws = w 
• V 



Now combine 

sP-jr.^=Ws 
; Ww 

sp. gr. = w = w T 
V" V X Ww 



Ws f specific weight, of sludge 
lbs. /ft. 3^ ^. 

w-= weight of sludge , ' 
V = volume of sludge ♦ 



Ws =-w 



Since the question Is to find the weight of the sludge ^ the v?6rking 
solution Is: . . ■ .a 



w = sp. gr., X V X WW 



Substituting valuesN^nd units: 

w, = 1,03 X 8500 ft. 3 X" 62.4 lbs/ft. 3 = 546312 lbs. 



2.> Again the solution Is a combination of fonnu^las: 

d - density slugs /ft. ^ 
^ nr = mass slugs-. . , v 



a.^ d = m 



b. . w m X g 



^ V = Vblume ft.3 
' .w = weight lbs. 
fn* = mass 



Theirefore: 



g = gravij:y 32 ft. sec. 2 



m = w 

g 



Now the^ combination oi^ a & b 



d »^ m 
T. 

d « W 3/W 



and 



m • w 

g 



f 



/ 



Substitute values and units • ■ ' 

i ■ ■ ' , . , 

a = -546312 ribs ^ ,= 2.0 lbs. 

32 ft. /sec/ X fi300 ft. J V ft./sec.^ x ' ft.^ 

A slug h%s a unit measurement in: - » 

- lb. . • , 

Therefore, the answer is 2; 0 slugs/ft.?: 



Glossary; 



Density:, jtefined as mass per uni>t volume^^xpressed in slugs/it. 3. 




Symbbyfidy: , 

SpecJ/^c7gravity: ' Defined as the ratio between the density of a 
substan^qejt^hat of Wa^ter.V^xpressed as a pure .numlJr. Symbol (sp. gr.). 

SpeciflG. weight:' Etefined as weight per un|f volume. Exprd^ed.in 
1^/ft. 3. Symbol -(WX. • • V ' ' 

Mass: D^flnejJ as the quantity of matter a- substance contains. 



. Expressed in slu{[s. Symbol (m). V . ♦ 

Weight: ^f'ined as the -force with which. the mass is^attracted s 
' ■ towards the^-6^er of the earth. Expressed , in Vbs.. Symbol ^ " 

, . * Slug = A British system expressing mass. Expressed in lb. 

' ^ ^ ' ' , ft. /sec i 2 

■ ' • " " • ■ 

■problems - ° , " ' 

1. The volume of sludge in a sludge. thickening process is 220p/ft.3 
The sludge has a specific weight of 1.06* Calculate the weight of the sludge. 



I 
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, 2. • A digestor has the-^mensiort 25 ft. height/ and a di^ffieter of 

. ^ » ♦ -. ^ ■ 

ZO ft. The sludge has a ^ecifjc, gravity of 1.03. 'talcula^e the, weight of 
iu^giB. U^e 1 ft.^=, 62.4jlbs. 




'V 



* ' 3. The volume of wa^ewater is 175000 gallons.^ The weight of pure 
water of equal volume is 23164 Tbi. 'Calculate the specific gravity Use" 
1 ft.3 = 7.48. • . 



/ , 



4. A block of wood has a volume of 55.58 ft.3 an^ a weight of 
1814 lbs./ What is its specific weight. ' ^ 



5. The weight.8f wastewater is 5122 lbs. The same volume of " pure 
water weighs 4832 lbs. . Calculate. the^etrFfk gravity. . 



* 6. 
is 3500 lbs. 



The volune of sludge is 52.08 ft.3 The weight of the sludge 
Calculate the density of the sludge. ^ 
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Additional Reading - . O . ' 

Eweo^ Nelson, ScHurter, MtFydden. Physics for Career Education. 

' . • ' > < I ' . ~ ■■ — 

Prerj^fce Hall PutMlchers, Chapter"" 14 and 15 

i: Specific Gravity ' • 



Subject Arcdo . ti.ci est 



2. Specific Weight* 

3. Mass 

4. Derts^y 



4 



ERIC 



14 



. V Jhe conceRt covered in the septlon p'ressup'e is: , 

' Liquid pressure : ' " . * ^ \ \ 

> • .1 ' , , * .-" . , . > . 

This concept is pr^i^valent in the water and wistiewaterltechnpT'ogy in such areas 

• ■ • .. . ^ . ■ ■ . 

- W ... ^^^,J ^ •• v.; ■ 

^. Li^iuid flow " . ' ' > " 

'■><*■/■. v' •• • • ■ • ■• >^ ■ : ■ , . . L ■ . ■»■ 

? Total *dynain' 

' ■ ' \ 

3. * Pump performance- . 



I 
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PRESSURE 



' As a-plant operiflar one mttst be conp^rned with the movd^nent ^ 
- water and wastewater to pnd from the usei^. Since water and wastewater^ are 
^-liquids and that liquids fra^e a definite fSzfte,' then* it /.stands to reason "that^x 
liquids canv be' d(56e1-ijjfon by-gravitation pi^l. Thisvpulfis a ^r>v~^o thAf-^^ 
i- nieaswped.in pountis (IbsO&'tsthfe weight of the- liquid. ' ' \ 




• Force 1^, defined as the weight' of the substance: PC^il^T® 
defined as the Jorce applied to a unit area. ' ~ ' 

^ Example: If an object weighs .100- lbs. /then it, is applying a ' 

^ force of 100 lbs. B^t tf this object is placed on a stand^square inches 
. then the pressure applied by the object is 25 lbs../ia/^^ounds per square 
inch) (psi). i 

• Th6 forniul a for pressure .therefore is. force (weight) divided 

u ■ ■ ^ ' ' - J 

by area. ; , " # 



P ° ^ P = Pressure lbs./in.2 - 

' , , . w « Weight .lbs. 

A =- Area 

Exaknple 1: A weight of 3000 lbs. is placecf on a table that has . 
an area of 300 square inches.* Calculate the pressure exerted by the object. 
Sblutlon 



P '.J ^ P = Pressure lbs./1n.2 ' 

. . ■ -'gggo ibs.^- - - . w = Uhtibs. , , 

300 in;^ ' ' "".^ / ' A = Areain.2 

=10 lbs. /in. 2 . ' ' . ^ 

«. Example 2j -An object weighs 200 lbs. It^s placed on a, table that 
has Ihe dimensions 12 x 6 inches. Calculate pressure exerted by the object on 
the table. ' ^ 

Solution next page ' . \ \ ^ 



Solution 



P - w 
= w 



• 200Jbs. 

• 12 X 6Jn.2 

= 2.8 lbs. /in.' 



r 



EiAmple 3: A column of water weighs/llJOO tbs.. The'^base of the 
column has an area 26 square inches. Calculate the pressure on the base of 
the Column. 

lb.lution , 

^ ^ ' ^ ^ y , . . 




f 1300 lbs. 
26 1n.2 



7/ 



,=.50 lbs. /in. 2 

Example 4: A column of waier weighs 1300 lbs. T]ie base of the 
column has an area of 20 square Inches. Calculate the pressure on the base 
of the column. ' / ^ ^ ' 



Sol Mtitfn 
P = w 

: ^ i- • 

= 1300 lbs. =65 lbs. /in. 2 
t6 



, By comparing Example/3 and Example 4 one observes that the weight 
is the same'but that the area changes from 26 square Inches to 20 square ^ 
Inches. This change, changed/the pressure applied. 



s 



ExamplCi A coTumn of water weighs 7500 lbs. and the 3vf?a nf tbf 
■ ■ ■■ y ■ 

base of tfje column is 75 <ni)f»«''^ (nr 

I. What is the pressure applifed on the base. 
, '".•2. 'What woiiild the new pressure ije if the weight of , the wate^ was 
changed 'to 1500 lbs., ^ ' 

. Solution ^ * . ' j 

1. ;p -^w I ' ^ \ 

. ' J r 

= TSOOJbs. = 100 lbsV/ie.2 
\ 75 in.2 

2. P = 1500 lbs. = 20'lbs.7in.2 . j 

Since most liquid volumes are too la^rge to weigh the formula to 
use to calculate pressure is: 

P = h xw P = Pressure psi ' 

A - \. ^ ; h = Heigtit of liquid coflumn 



w = Specific weight of jthe liquid . 
By combining two formuTas-oneJjpan see how the above formula cap be «• 



obtained. 



a. P w 

A. 



P = Pressure 
w = Weight 
A = Area 



W = P X 



b. . W'= w 
V 



•Therefore 



W = Specific weight 
w = Weight 
V = Volume 




W X V 



V = Volume 
i"^^ Area 
h » Height 



Then ^ 

P X A = X A X h y 
Reorganizing the fomula to calculate for P 
P = W X A X h . . 



J Therefore 
. '.'^ • P = .W X h 

, y Since thf pressure is a function of height, (the^specific weight, 
of water is 62.4 lbs. /ft.^) one can be able to determine the 'pressure rafiplied 
by water at any ^iven height. ^ ^ 

. . Example li A water column is 100 ft. high < 

1- What is the pressure at the 10 ft. mark from the top. 
' 2. What is the pressure at -the 50 ft. ' 
3.^ What is the pressure at the base of the coliinn. 
S olution . . 

= Ww X h . ' P= Pressure lbs;/in:2 



1. 



= Specific gravity of water 
■ 62.4 lbs. /ft. 3 

h = Height ft. • . 



P^ 62.4 lbs. X 10 ft. 
ft.^ 
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P = 62.4 lbs .. 

. ft J ■ H • , - 

"Sinc$ pressure unit is lbs./j-n.2 (psM) 
Therefore ^ 



' ' P = 62.4 lbs . 
"FTZ 

• 4/34 lbs/in, 
2. P = W„ X h . 



r;: 



V 



° 6f.4 lbs, 

-ft:-2 — 



X 50 ft. X ft. 2 
/ 144 in. 2 



=21.7 lbs. /in. 2 



3. P = X h ' 

= 62. 4^ lbs. ' X 100 ft. X ft. 2 
. ' +'t.2 , 144 in.2 



= 43/4- lbs. /in, 



One wi]l notice/^m the examples that the specific wkight is 
provided in Ibs./ft, ^ ancl height in ft. , th^fore, pressure lJ in lbs. /ft. 2 * 
but the usual pressure unit in water and wastewater technolog/ is iQ lbs. /in. 2 
(psi), thereby changing sqiiab ft. (ft. 2) to square inches '(in. 2 )one will 

■ .'. s . ■ . • ■ ■ .■(•.■■■ 

obtain psi. So one can find a constant since the specific weight of water" 
(being 62.4 lb^./ft.3) and one (1) square foot (ft. 2) equals 144 square , 
inijhes the constant obtained by dividing, 62. 4 lbs. /ft. 3 by 144 ft.2 a value 
of .434 lbs. /ft.; is obtained. 



62.4_^ bs. .k ft. 



.434 lbs. 



The pressure forrnuTa can be simplified. 

P> .434 lbs . ^ X h (ft.) 
. ft. X in. 2 



. |v Therefore, pressure^f~water is a^product of a coristant .434 and . 
the height of- the ^e^teK^lumn. . ' • * \v ^ ) ' 

Example: Af-w&ter cblumn is 100 ft., high. V 
Vl. Calculate tf)e pressure at ±he 10 ft. ra^rk from tbp.^ ^ 

/J. Calculate the pressure at the 50 ft. mark. 

■ . r 91 . « ' ■ - . 

I / 3/ ^alcul.ate the pressure at the base. ' w*^ 

f ''Solution X ^\ ^ 



1. P ^' .434 X h 
=' .4^4 X 




^1 osyry _ ' . • ' - 

Pressure: A.function of force dividedby area. The amount of force 

' ■ , V ■ \ • . ■ • 

; (w) applied to a sjjecific area (ip.2). Expressed-in pounds per square inch ' • 
(^s./1n.2) or psi. Symbol (P). ' ^ 

P w • - ' P = Pressure lbs./in.2 

A r~ ■ .1 " - ■ — 

• - \. w = Weight >bs. 

• . • . . . " . A = Area square Jfi.. 

- Also: Pressure (P) In wate^'and wastewater is a function of tf!e 

h^ght (h) the water qolymn Is and the specific weight of \he waters 



oil-" V ■ « ■• , 

t > lbs./in;2 =/ p.434>^rtft.)- • P =' Pressure Ibs/vin.-^ J 

\ \ ; . ' 0.4^4 ponstant for water only • 



^ ' ; , . . 1 ^^Heigh* (ft.) 

Problems 
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1.' What is the pressure a( the bottom bf » tank that contains 

■ ■ '■ ^ 

.170,000 lbs. of water.. The base of the tank is 185 square inches. 



.. I 



2V A water column with a radius of 10 ft. is filled with water. 
The pressure indicator shows 100 psi. 

(a) What is the weight ofyWfe water? . 



(b) What is the height of the water column? 



3. What is the pressure applied on the bottom of a rectangu\ar 
tank lM%t. by 5.00 ft. by 4 ft. ^ep. 



...... N 



4, A water line in a tower stands 125 feet high. What is the 
pressure exerted by the water at the base of the tower. 



- 8 - 



Additional Reading " * " ^ 

■ \Ewen, Nelson, Scburter, McFadden. Physics for Career Education . 



PrentJ ce -Hal 1 Publ i shers , * Ch'apters 3 . ^9 ; 14 and 15. 

Subject Areas of Interest 
1. Areas 



2. ' Volumes 

3. Mass 

4. Weight 

5. Pressure 

a. Gauge ^ 
' b. Atmosphere 




* TTte^oncepts covered" in the' section liquid flow are: 
^. i: Rate, of flow ^ . ' 

2. Continuity principle ♦ • ^ 

• 3. Bernoulli's eUatilol^ ^ ' 



4.'' Venturi meter 



' 5, Friction 



1 



r 



■ntei^concdpts^re prevalent in the water an^ wastewater technology iri stich v 



areas as: . 

1. 'Liquid transmission 
- 2. Liquid quantity , 
3v Flow measurenjent; , ^ 

4. ScSttllng rates 

5. Pump performance 
6: Power cost. 



• *• • ' 




LiQUID FLOW 



A concept importtmt In Water and Wastewater Technology is liquid. 
floWv Several concepts nlakfi^ up the flow. 



1. Rate 'of Flow 



. The definition of the rate of flow- Is the voTume, of water delivered 
In a anit -Ume.- That means-lf a volume of 100 cubic feist tof water ^ delivered 
fn 5 seconds, the rate of flpw Is, 20 ft J/sec. ^ That Is 20. cubic feet ofwater- 
in one''(l) sec. was being delivered. 



Therefore, to be able to obtain rate of flow(Q), the formula to 



use Is: 



"'1 



Q = Rate of flow (ft'.3/sec.) 



V = Volume ft, 3 ■ 



. • > t = Time sec. ' . 1 ' 

The difficulty Is that one usual ly-^es not know the volume 1)f water 
delivered neither the time It took to deli^r: Therefo>^ a new direction 
ifiould be -explored. / / 

Since we know that volume (V) is equal to Are^x) Distance (s) 

f 




* -^DISTANCE' 



Then by substituting in the formula 



■ Q = V 
t 



The^equation is transformed to. 
Q = A X s , > 



Q = Rate of flow ft.3/sec. 

A. => Cross sectioaal area of . pipe ft.^ 

s = Distance' ft. 

t .= Time sec/ 



<5 ^ 
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. Now suppose a car traveled at a speed tvelocity) of 55 miles per 
hour (MPH)T'or 1 hour (H): How far dichfthe car travel? Ans. 55 miles. 
Or if a car traveled at a velocity (speed) of 55 MPH for 3 hours, how far 
?lia it travel?- Ans, "165" mile?* ' . 

• ' Tfie formuTa used was \ " 'V.^ . 
. , ; Distance (s) = Velocity "(v);x time (t) ' 
^/'^ / s =y'M: ' ; . . " " . ^ ^ 

ExampTe 1 ^ 



s = 55 miles x . 1 hour 
hour " ' 



^= 55 mi les 
Example 2 

s =^ 55 miles x 3 hours 



■■■ y 



, hour* 
= 165 miles/ 

- Since one does not know tHe distance water tra^veled through the 

pipe .(due to the fact that the pipe is buried and therefore the length is not 
known) : " 

By substituting tiT4:he_ formula 
V ' Q = Ax s 

e v^lCie of s 
The new formula is 
Q ^ A XV X t V 





Q > Rate of f.To.w 
^ = Crpss Sjgctional area of pipe 
.V ' Velocity of water 



^Slnce time is in the numerator and denominator of the equation, 
the formula for the rate of flow is 

Q = A X V Q = Rate of flow ft.^/sec. 



A = Cross sectional area of pipe ft, 

V = Velocity of flow of water 
through the pipe (ft, /sec.) 



Example 1 



Water flowing thro\jgh a pipe 'with a diameter of 1 foot^has a 
velocity of 3 ft. /sec. What would be the rate of flow? . ■ 

Solution \ ,■ 

Q = A X V „ 
Q = .785 X d2 X V 
= .785 X (1)2 X 3 ft. /sec. 
= .785 X 1 ft. 2 X 3 ft. /sec. 

= 2.36 ft.^/sec. . • . - , ' ^ ' 

Example 2 ' ' . : , 

Water flowing through a pipe with a diameter of 7 inches, hai a " 
velocity of 4 ft./sec. Calculate rate oip flow. 
Q = A X V 

■ . ' r 

= .785 X d2 X V " 

= .785 X (7/12)2 x 4 #t./sec. 

«= .785 X.. 34 ft.2 X 4 ft./sec. ^ 
= 1.07 ft.^/sec. 

Since water distribution systems are composed of different size 
pipes, the continui^ principle will apply. 



er|c • 



* ^ -4- ^ 

The continuity principle states ^hat a volume of liquid entering 
the pipe at one end per unit time, must leave the other end in the same tiifie. 
If th^ principle did not apply then if less liquid leaves the pipe than 
enters it, the volume will build up and ttie pipe will break. If more liquid 
leaves- the pipe than enters it, the pipe will eventually empty. 

Assuming that a series of pipes were connected then from the 
continuity principle 

Ql = Q2 = Q3 = Q4 
Substituting for Q 
Ql = Aivj 

Q2 = A2V2 - 
Q3 = A2V2 
Q = A2V2 

■> » 

. - Therefore 

V, .•.TV 

: ;A1V1 ?NA2V2.*= A3V3 = A4V4 

"T .'.-Example': Two pipes, one 4 inches in diameter, the second 6 inches 
»firi;(Hanjeter joined (See Diagram). \^ 




TV. 




The direction of flow 1% from the. 4 in. to the 6 in. The velocity 
' > e 

of the water is 8 ft. /sec. 

I.* Calculate the flow rate 

"2. Calculate the discharge velocity 
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■> -5- r . .. 

Solution : ' * ^ 

. Since the flow rate through the^ 4 in^ pipe is equal to the flow 
rate in the 6 in. pipe then 

Q'- Q2 • 
Q = Aivi 

= . 785 X d2 X V ' : 

= .785 X (4/12 ft.)2 X 8 ft. /sec. • ' 
= .785 X 16/144 X 8 

Q = .7 ft.-3/sec. • 

Now that the flow. rates through both pipes are equal, then 

Q2 = A2V2 / ^ > ' ' 

Q = .785 X d2 X V * " ' 

.7 ft.3/sec. '= :785 X (6/12 ft.)2 X V - , ' 

.7 ft.3/sec = .785 x 36/144 ft. 2 x.v-. ' , ; - 

V = .7 ft.^/sec X 144 ' " ' 

.785 X 36 ft.ii 

= 3.57' ft. /sec. ' ■ ' • ■ 
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^he^c^licept of rate of flow not only is workable in closed pipes 
that are f fill, but also in open channel and partially full. (See diagram). 

Therefore, rate of flow in channels inna partially full pipe is the / 
product of the pross-sectional area of the channel and the velocity of flow 
of liquid. The cross-sectional area has to be perpendicular to the direction^ 
of flow. ^ 

•That means that \ ■■ . . 

Q " A ^ V Q = Rate of flow ff.^/sec. 

, I A = Cross-sectional area ft. ^ 

y V = Velocity ft. /sec. 

Assuming that a channel has the dimensions 200 ft. long, 2 ft. wide, 
and the liquid height in the channel to be L5 ft^^The velocity of the flow 
is 3 ft./sec. . , " • :' .O. 

The direction of flow i;s through the length ot the channel. 

1. Calculate th,e rate of ffow (Q) • ' 

Solution • 
. Q ■ A X V ■ 

We know that area (A) has to be perpendicular to the direction of 
flow, and that the direction of flow is through the length; therefore, 

A » Width X liquid height 

A « 2 ft. xV.5 ft. * 



4 
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/sec. 



Now 
. Q » A X V 
« 3 ft.^ X 3 fti 
= 9 ft.3/se6^ 

The. rate of floW through any channel that may be parti ally full, 
completely full, open channel or closed channel is defined as the volume of 

It of time.. 

Problem 1: Wha^t is the rate of flow ofjMftewater if the channel 
is 4 feet wide, the wateif depth is 1 foot and the velocity is/0.97 ft. /sec. 



liquid delivered in a uni 



Solution 
Q = Av: . 

Q'= 4 ft. ,x lift. X O.^Tft^sec. 



=3.88 ft.3/s^c. 

Problem 2: A 
and 3 'ft. deep. The flow 
.8 ft. /sec. What is tli 



C'chambc 



griticha mb er has dimensions 25 ft. long, e^ftr wide 
;ct1on is through the length,*-^he" velocity is 
le.flow, rate? . ; ' 



1. When the" water depth 1 ft. 

2. Whein the water depth 2.5 ft. 

Solution ' ' ' - , 

1. Since the direction of flow is through the length; therefore, the 
cross sectional area is the widths the water depth. 
^ 1. Q = Av 
■'-,4 » 6 ft. X 1 ft. X .8 ft. /sec. 
= 4.8 ft.3/sec. 



^ 2. Q = Jar 

« 6 ft. X 2.5 ft. X .8 ft. /sec. 
- l?^.3/sec. 



2 

Problem 3: An open channel with a cross-sectional area of 10 ft.*^ ^ 
The* rate of flow of water is 20'tt.^/sec^ ^Calculate the velocity of the water. 
, Solution 

Q = Av . ' 



or V * q; 



. V = |0_ft4Zsec. . 

10 ft. 2 - < 

=2 ft. /sec. 

Bernoulli's Equation . 

■To/'fully unclerstand the origin of Bernoulli^ equation one must be 
-famlll^ar* with the concept of work and energy which will not be covered in this 

portion* of the course. . v '^"/^ 

1 



/Bernoulli's equation is obtained from a. combination of potential and 
kinetic energies, and static pressure. TIjese energies cohtribute to the total 
overalj^pr^sure, exerted by the Ituqid system; therlfore, 

1. Potential head (Pot. hd.) is the potential energy divided by 
the weight of the liquid. 

(Pot. hd.) » Wh « h 

2. Velocity head (Vel. hd.) is the kinetic energy of the system ^ 

■ ■ ' \ : 

divided by 'the weight of the liquid. ■ 



(Vel hd.) ' \ (w) v2 = v2 

' •' 32 



3. Pressure head of static head (Pres. hd. ) is the energy exerted 
by the liquid as a consequence of ft5 pressure. Since 

P -^x W p = Pressure 

' . / : h = Height 

* ' ■• ; W = Specific weight- 

Therefore . , 

^ h-P • - ■ ■ ■ , ' 

As previously mentioned, Bernoulli determined that at any poin^in 
a liquid system, the sum of these three energies was constant (principle of 
col^ervation of energy). 



Therefore,' 

K = h + v2 + P 
?g 



K = Constanlj. 
h = Height of liquid ft. 
V = Velocity ft. /sec. - 
g = G^avitationaJ pull 



(32 ft. /sec. 2) 
. P = Pressure ps.i 
/ '■ W ^ Specific weight Ibs./ft. 3 

Now since in a pipe system where the pipe is not uniform size, 
Bernoulli's theory is applicable to the different sizes. 

' Since Kj of smaller pipe is equal to K2^of the larger size pipe 
Ki - Kg • ' ^ 

Then ' 



hi + v? + Pi » ho + V 
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By utilizing BemoumVs theorem one will be able to see that a 
change in plpe^size will change the Velocity; therefore, a change in pressure. 
^. Let us for simplification jjurposes assume that hj and h2 are equal 
So by hj *= h2 



Bernoulli's formula becomes 



Now 

p< ' 2 
So . 

P2 - Pi - W (¥2^ - Vi2) ' 
2g 



- ■ , ^ 

Now let us review the continuity p^ciple 
Vl - A2V2 - 

That is the velocity is greater through a smaller diameter pipe than 
a larger diameter pipe. Assuming that V2 is the velocity through the smaller 
pipe by reviewing the formula 

P2- P1-- W (V2°- V) ^ 

, 2g . . 

One will notice that Pg (the pressure in the smaller diameter pipe 
will be less than the pressure (Pi) in the larger diameter pipe. 

The use of Bemoullt's theory is important in flow measurement using 
Vjfenturi meter. ( " ^ 



34 
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The Venturi meter is an insrtrument used for the very accurate 
measurement of full fluid flow underl pressure. The meter functiorts.by 
reducing the area of flow, the increase iri*^eTocity and decrease in pressure 
can be vieasured and translated to flow rate (Quantity) (Q). 

By starting with Bernoulli's theory 

— Since-^heHTieter has no liquid static head that is.(h) then hi is / 



equal to h2. 

Therefope, 



\ 



Pj^ + y 2 = Pg + yy2 

W 2gr W 2g 



Now 



.2. 



(Pj - P2)'2q « - 



Since Q = vA 
and 

V 



\ .. ■ 

Q = Rate of floW 

V = Velocity 

A = Cross-sectional area 



Then 



2£L (Pi - P2) - ^ 



Knowing that the continuity princi^ 
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• Since one knows the values of Q (32 ft. /sec. 2) w = specific weight 

(62.4 1bs./ft.3) and that the diameters of the meter. And, these dianipters and 

yalues one can determine a constant value for an individual meter. 

• V 

. Now we know that as the flow rate changes, the velocity changes 
proportlonatly and as jthe veloci^changes, the pressure changes. ^ 

That is as flow rate increases the velocity increases, and as velocity 
increases pressure decreases. ' « 

Therefore, in a Venturi meter, by knowing the change in pressure from 
the smaller area and the larger area one ci^ determine the flow rate. 

Problem 1: A Venturi meter has an input diameter of 6 inches and 
a small diameter of , 3 inches. The in|»ut pressure (Pj) is 9 ps1 and the' 
3 in. (small area) pressure is 5 psi. (See diagram). 



Calculate the rate of flow. 
Solution 

Ai - .785 X D?^ • ' 
- .785 X 



P2) 



- .785 X 36 

TO . 

» .196 ft. 2 
A2 -' .785 X d2 

- .785 x( 3 )2 

(T2i 

- .78 X 9 

m 

-"V049 ft.2 
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X A2 » .196 ft.^ X .049 ft.2 = . 

. = (.196 ft.2)2 . (.049 ft.2)2 

»'y/v.036 ft.* , 
' = vl89 ft.2' 

A y X A? • 
/Ai2Ta^ 

= «01 ft.* ' - .05 ft.2 
.16d.ft.2/. . 

g,= 32 ft. /sec. 2 

2g » 64 hjmc'.^ 

12.4 lbs .'/ft. 3 ., 

Q -»5 4 psi or lbs.'/in.2 

= / 64 ft./sec~ 
\/ 6.i.4 1bs./ft.' 




X 4 lbs. /in. 



1.046 ft. 4 X 4 lbs , 
lbs. + sec.^ in. 2 



./ 4. 184 f t. 
V sec' X Tn.' 

2.05 ft.2 
sec. X in. 



' Since 1 ft. » 12 inches 

Therefore ^ 

2.05 ft. X 12 in . 
sec. X in. 



24.6 ft. /sec. 



Q.= \(D5^ft^x 24.6 ft./sec ' 

Since Ai. Ag, g and^W are constant. for that particular Venturi method 
one can obtain the constant (K) and when the. pressure changes one can multiply 
the constant the 1/ Pi - P, ' , 

, Ek'al^)|S«^ Usin^ the Ventun* meter in the previous problem, calculate 
the f Tow rate when • ' ^ 



\ 



1/ ,Pl = ri;psi 
,'P2 - 5 psi 
2, Pi= d ' : ' 

P2 = 3' 

Solution • ' ' , 

By obtaining the constant from 
Q. " A1A9 x/2g (Pi - P7) ^ 

VaiV- A22F 



\/^" - M2 

•4 

Aj - .196 ft. 2 ■ 
A2 = .049 ft. 2 

2g - 64 ft. /sec. 

' r 

W - 62.4 ft./s^c. 



r 



V 



38 



Then substituting in the above equation 

i36 ft^ x :049 ft.^ x ,/ 64 ft./sec.2 

1/ 62.4 lbs. /f 



196 ft.2)iJ,- (.049 ft.^)2 1/ 62.4 ibs./ft*3 

= .053- ft;^ 4/Pl - 
sec. ^ ' * , 

Since P,i:- is in lbs. /in. 2 , 

sec. I/. .* 1n.2 

Therefore; 

sec. ■ TTit / ■ 
And 1 ft. = 12 in. 
Then 

.053 ft. 3 X 12 in; = . 
sec. X In. 

K = .036 ft.3/sec. • , . 

♦ ■ 

Now * - 

1. Pl^U . 
P2'= 5' 

Therefore .' 
Q = K X \/ Pj.,- P2 
?^ .636 ft.3/sec. x 11- 5 
= .636 ft.3/sec. x .2.,45 . 
» 1.56 ft.3/sec. . 

2. Pj = 8 
Pg = 3 

Q » K X / Pj - Pg 
» .636 ft, 3/ sec. x 8^3 
- .636 ft.3/sec. x 2.24 

• 1.43 ft.3/sec. 

. 39 




3. Friction • . • 

• ' _ / '''^'^t^o') ^? ^force thatvetxists between t^^^ 
interlocked, that is two substances that are in contact. .A force tlJat will 
retard motion^ of one- substance across the other substance/ 

This friction force is created by two factors; , ' 
,1. The first factor is. the roughness of the' two' substances. ' l^. ' 
, is easier tb slide a block of wood on a wet surface than over a very rough ' 
. surface. • . . ' 

-2. . The second . such factor is^he size of the areas- 0 - 
substances. It is a fact that weight afso 'contributes to the friction force.^ 
.bMtnn waier ^nd wastewater the Weight of the liquid in pipes is riegli^ible. " 

Thi.s- friction force is a cfisadvantage .to plant- operators since^one' 
has to move water through a pipV system, the inside surface of the pipe arui 
the water are in contact; the»*efore. the f^'ction is present. • . * 

This friction force is a resistance 'that has to be overcometo be 
..able to niove the substance over the surface. " , 

: This resistance is called coefficient of frictiW since one will 
be deal^g with water. The coefficient of friction dependsQO^^^ 
1. TJie velocity of flow through the pipe. 
.2. The diameter size of the pipte. 

3. The roughness of the pipe. . . ' ' 

The coefficient of friction is a, purejiumber. vA Pure number is,0.02. 



0.1. 0.3 etc. That is the number has no -unit^jyalue such as gallons/or-ft.^ 
or ft. /sec. etc. 



.* I 



1. Since the coefficient of friction depends upon the velocity of - . 
flow through the pipe, this will indicate that as the velocit/increases ^o does 
.the coefficient of friction. 
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Let us look at a ball. The faster yog bounce the ball, the greater 
.' 4jumber of times the bain hits the floor. 

With the same Idea In mind, let us visualize that water Is made up 
of smaU balls. The faster you move the ball (water) the more times It will 
"hit the side of the pipe, and therefore, the more number of times the friction 
will h,ave to be encountered. \ 

A 2. The second factor ♦that will change the coefficient of friction 

Is thtf size of the pipe.) In this case, the!* larger the diameter of the pipe, 
the smaller the coefficient of friction, and the smaller the pipe the l-arger 
the coefficient of friction. ' V 

Let us visualize that water Is made up of small balls. Now we know 
that velocity Is a function of distance and time. ^ 
V ■ s^ V > velocity 

s ■ distance , « 
t = time , • 
If velocity was at a constant rate and distance (s) was made larger! 
than time (t) It has to get larger. 

.Example: A car travels at 55 mph, If the distance traveled Is ^ 

no miles than the time for trave Was 2 hours. y 1 

\ ■ $ ^ 

Now If the velocity was the same 55 mph and the distance traveled 

was 270 miles, what the time H took to travel? Ans. 4 hours. 

Therefore, In a water system the larger the diameter of i^plpe(s) 

the more time (t) Is going to take for the water (ball) to hit the Inside 

surface of the pipe and the bounceb^ck and hit the other side. So the lesser 

nimber of times the water (ball) hits the sides, the less the number of times 

friction will be encountered. 



Therefore, the coefficient of friction will be smaller for larger pipes 

.3. The third factor that effects th6 coefficient of /friction Is 
roughness of pipe. The rougher the Inside surface of the pipe the higher- 
the coefficient of friction and so the smoother the surface, the smaller the 
coefficient of friction. If you look at the surface of a pipe under a 
microscope you 11 see that the surface is very Irregular and not smooth. 

This roughness will effect the smooth flow of water and add friction. ' 
Again it is easier to slide a block on -a wet surface than on a rough surface. 

By taking all these factors effecting the friction one will come 
up with a value called coefficient of friction.* This coefficient of "friction 
is the factor that has to be overcome so as an object could be moved by sliding. 

' * . * • 

In water systems this coefficient of friction \s considered friction 
loss. Frittlon loss Is the amount of energy lost due to the-frlctlon. Let us 
Took at a water system. * 



♦Coefficient of friction value Is usually provided to the student 
or can be obtained from charts obtained from manufacturers of pipe. 
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If the end of the system 1s closed, then we,,al V know that water 
seeks Its own level and so the level 1n Pipe A Is the same as In B and C. 
But let us remove the plug. 




and one will experience- that the level of water will drop In 



Pipe-B and C. This drop In level of wat.er line Is due to the frictlpn. between 
the wi^r~and the Inside surface of the pipe. This friction los^/l^ either 
given as a coefficient of friction or as feet per 100 ft. of pipe.' 

Example: The friction loss for 100 ft. of pipe Is .1 ft. What- Is / 
. the friction loss for the same pipe If the length Is 5000 ft. 

Solution 

f ; 

For every 100 ft. of pipe the loss In energy Is equal to .1 ft. 
Then 5000 ftf ' (50) 100 ft.; therefore, friction loss for 5000 ft. = 
50 X .1 - 5 ft. 

Glossary 

Rate of Flow: Defined as the volume of liquid delivered In a unit 
of time. Expressed usually ft.vsec. Symbol Q. v , 

Bernoulli's Theorem: Defined as the energy posse^sed^by a liquid 
system due to the potential head.(i). velocity head and pressure head. This 
energy is constant through a liquid system. \ 
^ Continuity principle: Defined as the volune of liquid entering a 

p|pe at one end Ur unit of time utast leave the other end In the same time. * 
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Venturl meter: Defined as an Instrument used to measure full 
' . ■(>■ ■ 

liquid flow under pressure. 

Friction: Defined as the. force between two surface in contact 
that will retard the movement of one surface across the other. Expressed 
as a pure number. Symbol (Fl). 

Problems • - \i - ' ' 

1. A pipe with a 12 inch diameter flowing full, with a velocity of 4 ft. /sec. 
Calculate the rate of flow. 



2. A 6- inch diameter pipe flowing full with a velocity of 5 ft./sec. 
Calculate the rate of flow. ' 



3. A li-inch (j^iameter pipe flowing half full with a velocity of 4 ft./ 
Calculate the rate of flow. 



4; A velocity thrbugh a channel Is .5 ft./sec/' The cross-sectional area 
of the (^tjannel Is triangular In shape (S^ Diagram). The base of the . 
triangle Is 3 ft., the water depth Is 1.5 ft. Calculate the flow rate 
through the channel. /' 



5. Two connected water mains, trhe^nput diameter Is 6 Inches and the output 
Is 8 Inches. The veloic1t,^l^e Uqiild In the Input line is 10 ft./sec. 
1. Calculate the rat^f flow through the system. 
2i 'Calculate the velocity at the output end. 




5. A horizontal section of pipe has two diameters. The first Is, 8 Inches 

and the second 12 Inches. If the liquid flow through the first diameter 
. is 80 ft./sec. calcirl ate: 

1.^ Velocity in the small diameter. 

Velocity in the second diameter. - 




A vepin* meter js inserted into the horizontal section of a water line 
whose entrance is 18 inches. Find the flow rate of water if the throat 
dfineter is 12]J^p|(^s. The difference in pressures is 30 psi. ^ 



In problem number seven (7), If the pressure difference at ( 

8:00 a.m. "15 • - 

-10:00 a.m. "25 , 

11:00 A^. - 20 

12:00, noon " 22 

1:00 pirn. -28 

3:00 p.m. -34 / ' 

Calculate the flow rates at the different hours. ' 

. : . . > ■ ■> ■ • . 

^ . . . ■ • ,* 

■. 



The gauges read Pj « 12 psi and P2 ' 9'ps1. The diameters of a venturl 
meter are^n. and 2 In. respectively. Calculate: 

1. Veloclt^n; the main line. 

2. Flow rate ^ ' 

3. Velocity In the smalV diameter. 



The coefficient of friction for a 12 In. diaweter pipe Is .2 ft./ 1000 ft. 
Calculate the friction loss at: 

1. 5000 ft. . ' 

2. 10,000 ft. 

3. 360 miles" 1 mile » 5280 tt. 



Addttlonal Reading ^ 

Ewen, Nelson, Schurter, McFadden, Physics for Career Education . 
Prentice Ha|r Publishers, Chapters 2, 3, 9,' 10, 15. 

Subject Areas of Interest 

1. Area 

2. Crbss-sectlonal Area . 

3. Velocity 

4. Work 

^ ■ 5. Power 1 ^ , 

6. Enerty (Static, poJ:enti^ and kinetic) 

7. " Friction 

8. Pressure. 

9. Total force exerted by liquids 
^ 10. Bernoulli's Theorem . 



The concepts covered In the section terfiperature and heat are: 

1. Fahrenheit scale r 

2. Celsius scale 

3. British thermal units (BTU's) ' 

These concepts are prevalent In the water and wastewater technology In such 
areas as: • 

1. Sludge digestion . 

2. Settling rates of solids 

3. Solubility of solids . / 

4. Bacterial activity 

5. Odor control 

6. Thermal pollution 



TEMPERATURE AND HEAT . 

The role remperature plays In water and wastewater technology is* 
important. Changes In temperature can 

. 1. Effect the solubility of matter (solids, liquids,. and gases) 

in water. 

2. .Effect the settling rate and sedimentation of solids in a 
water system. • ' 

3. Effect the coagulation rate and characteristics of coagulants 
in a water system. . 

' ' ■ . , - - • « 

Temperature 

• . I • ' , ■ ■ a , 

Tenjperature is.the measure of hotness or coldness of an object 
(water included as an object).' This hot object is a something that has 
.absorbed energy which man can identify by merely being close to or touching 
the object.. The absorbed energy can be felt. Since an Hndiv'idual is 
influenced to the energy differently than another, an important way was 
established. . 

Since water was the most abundant chemical on earth, easily 
available and also changed fonns (ice, solid, water, liquid, and steam vapor), 
' it became the standard. 

Two basic scales were developed: ' 

• . * ■ ■ . ■ 

The first being Celcius (Centigrade). .This scale provi^^^ 
references 0° C. (zenJ degrees) being the ice point and lOOO C.(100 deUes) 
being the boiling' point. ; v • ' 

The secorid>ing the Fahrenhen. . This scale provided the references' 
32^ F. (32* degrees) b^ing the ice point and 2120 F. (212 degrees) being the 
boiling point. ^ 



The relationship between Celcl us and Fahrenheit Is 
' C » 5 (0 F. -' 32) 

• 9 ■ ■ ; 

' 0 F. ■ 9 x_9 C . + 32 

■ 5 ; ■ ■ ■ 4 

Example 1: What Is the temperature In ° C. If the Fahrenheit 
reading Is 45? 

, ■ ' Mr 

Sal ut Ion ^ 

0 C. =- 5 (° F. - 32) V 

' = 5 (45 - 32) • " • 

= 5 X 13 
J 

^ - 7.2° C. . 1 

Example 2': What Is the temperature of 20° C. in Fahrenheit? 
. O f. = 9. X 0 C. + 32 * 

- 9 X 20 + 32 / . 

■■ ■ ' ■ 5 ■ '., ^ _^ '.; ■ •■■ ' - ■ 

.» 36 + 32 » 
= 68° F. > 



Heat 



The. difference between temperature and heat Is that temperature 
provides a value In^ relation to the Ice' point 32° F. and boiling point 212° F 
Heat Indicates the amount of energy an object corttalns. This energy can be 
Increased or decreased by the addition of more heat or removing more heat, 
jf* ^- \ The measurement of heat is BTU, British Thermal Unit. This means 
that by. raiding the temperature of 1 lb. of water lo f., l BTU of heat is 
required. 
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Example 1: Td raise the temperature of 1 lb. pf water 10 degrees,' 
.10. BTU'$ of heat Is necessary,. , ■ 

Example 2: -To lower. the temperature of 1 lb. of water 20 degrees, 
20 BTU's win have to be removed from the 1 lb. of water. 

Problem 1: 50 lbs. of water have a temperature of 50° . How many. 
BTUs are needed to raise the temperature to 120° F.? 

Solution . ' , 

. 1200 F. - 500 F. - 60° F. 

If the BTU's to raise 1 lb. of water lO F. then 600 equal . : 

60O F. X 1 = 60; BTU's 

But the problem states 50 lbs. of water 

Then; . ^ ' . ' ' . ' ■ ' ' \ ' 

60 BTU's X 50 -3000 BTU's - 

Problem 2:; A sludge digester with a content of 150.000 lbs. of 
sludge has to be heated from BS'o F. to lOOO F. Calculate the amount of BTU's 
needed. ' 
' SolutJon 

^ (DJ (change In temperature = lOOO F. - 850. F. ) 

" ; D T-f 150 F. * 

150.000 lbs. X i5° F. --2 .250.000 BTU's . V 
V Problem 3: Assume that the tenperature In the digester 1h Problem 2 ' 
drops >sO F. for every hour. What J s the total BTU's needed to ma1nta1n*iooo f/? 
Solution 

Th6 toital degrees of temperature lost In one full da(y 1s» 120 p. 
%o I:, drop/hour 

12° F. drop/24 hours 



' BTU's - lbs. x,D T 

^ • ■ 150,000 lbs. X 120 V . X 

• - l.BOO.OOOf BTU's, . " ' . : : . ' 

specific Heat , j - < - . . 

' . since -other substances react differently to heat than water does . | 
^ tlian the value of BTU . changes for each elefnent or ^ubstande. 
■J ^ Example: steel h9s a BTU value of 0.117. - 

That is the amount of heat required to raise 1 pound of /steel 1° F." 
Is 0.117 BTU's^ 

' So 'the equation used to determine BTU's is 

t ' . ' V . * ' ., V • ' ' ' ■ 

^1' d =» CMDT ; , Q» Heaf required In BTU's 

'r " • ■ ^ . • 'v C « Sped t-lc heat (PTU/ 16 - o p.) 

' ' . M « Mass 1r) )bs. 

* DT = Change In temperature degrees 

Problem: Specific heit of Iron Is O.Jl BTU/lb. '- ° f'.. The weight ' 
Is 5000 lbs. The tenperaturei^rl^ Is 9S degrees! Calculate the BTU's used. 
Q - CMDT ' ' ' - 

" .011 ^TU/<lb - 0 F. X 5000 lbs. X 350 F.' 

- 19250 BTU ^ ^ - ■ — ,> . 

• ■ V ' ' ■ • . • . ■' ■ . • . ■ ■ . 

Glossary^ r ' • - ^ 



^ . Te^era'tur^^^^^^^ ef a boc^y of matter that causes on^ to >^^ ♦^^^ 

experlei^ce^a sensation of hot or cold w^^^ . ' * 

Thermometer: A device for measuring temperature. Exprib'ssed usual TAi^- 



l>y 4fne of two scales. 
' ' 1., Fahrenheit 



• Additional Reading '. - 

Ewen . .Nelson , ichunter, <IcFadden . Physics for Career Education . 
Prentice ttaV Rublishe;rs,;Chapter 2, 16 through 19. ' \ 

Subject Areas of Tntargst • • 

.*•_.' ■ . ■ . . ■ • • ■ .... ^ 

1. Volumes . , • 

2. Temperature - > 

, • . ;^ ■ 3. - Heat' ' ., . ^ ■" ^ . . -.^ ' ' , ' " ' ^" •' 

4. Heat transfer 

■ . ■ . . . f > . 

■ ■ . ■ . .- ^ ■ ■ ■ ■ .■ ■ . > 

5. Specific Heat • v 

. ' •.-^• ♦'T^'enftal Expansion of Sol ^ 

J.. -'Gas Laws .. . . ■ , ' '. . . , , ■ 

• ' a.. ,^ChaHe^ "Law" ' . 

b, Elpyle's Law 

. , ' :^c. Charles Vand Boyle's Law. combined 
, ; fif. fustDn 
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9. Vapbrization 



1 . 
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Problems " ' • , .- ■ - ■• ■ ' ■ ... . 

1. Change .^ . 



[: ' a; 160O"F. to ° C. - • - • 

"b. -68° F. to 0 C./ V . if . 

, "^c. 40^ C. to 0 F. ' • /. , • :• / ; • 

- :d. -12° "C. to 0 F. ' • ■ \ . V ' 

' e. 40.F. too c. ' • - : , / . " . _ 

2. Calculate the BTU's needed to ra1s€ the t^raperature of 280 lbs. of water 
. f rom 68^- F. to' 100° F. 

■ 3. The water temperature Is-changed from 549 F.- to 160° F. . If^627,200x 
* BTU's was used, wlwit Is the weight #4he%a,tert Specific heat of . 
water Is l.OCf. j ^ , v ■ ' j , . 

4. ^ectloit of pipe weighs 600 lbs. The temperature r6se 62 degrees. 
The specific heat of the p1^ 1s'0*".112 BTU's. : Calculate the BTU?5 

, , fiisofbed by the pipe, e^xcludlng any. beat "lob^^^ . - 

5. - . What 1 s the BTU/ Day needed to mal ntal ri ttie tenjperatu re sOf s 1 udge |jt ^ 

98° F. 'In a digestor (fu'll) w1t>i dimensfbns- of 25 ft. radius, 20 ft. ' 

* ■ * •, ■ > • ■ \ > ' " 

. height. , If the sludge loses 2 degrees'/hour... The specific heat. of 
^sludge 1s 1.00. I cu. ft. of sludge weighs 64; 2 lbs. . - 



The concepts covered In the section electricity are: 

1. Magnitude of current (amps) ' 

2. Resistance (ohms) 

3. Voltage . 

4. Horsepower 

5. Watts/Kilowatts 

' • * 

These condept^^-w^^prevalent In the water and wastewater technology In such 
areas as: i ^ 

1. Power consumption 

2. Motor efficiency 

3. Liquid flow ' T - ^ 

4. Preventative ';ma1ntenance 
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ELECTRIC CURRENTS 

Electric currents are electric charges In motion. These electric 
dierges are due to the make up of matter. Since matter Is made Up of elements 
(chemical definition) and elements are composed of electrons having a negative 
charge, protons having a positive charge and neutrons having a aeutral charge. 
By looking at a model of an -element one will see that the neutronaind ph)ton 
•re "housed" Inside a shell. ' Example to illustrate neutrons and protons pump 
ti« types of gaseet Into a ball. ' 




Now since the protons have a positive charge to them then this ball 
will have a positive charge and since elements are usually In a neutral 
condition then It stands to reason that around the ball better known as a 
nucleus will be negative charges so as to neutralize the ppsltlvfe charge* 
These negative charges are called electrons. ^ 

Now since pure matter (solids, liquids, or gases)_ are made up of a 
concentratlorToV like elements, these electrons arejnovlng through the matter 
In any direction. « 

If one. places a ^orce on one side of the matter and suppose this 
force Is a concentration of electinons, then electrons from the matter will- 
have to be renoved from the other side. " ; 

This force can be measured for its rate of addition and removal, 
^he anount of resistance encountered and amount of power applied. Since one 
CenA^rovide a fprc^ unto mat^ at one end and retrieve the force on the 
other, then one can use a force or energy generatid intone place and used in 
another j)1ac{i. 



Matter that 'allows this free movement of energy is classified as. 
, conductor. There are good conductors, fair conductors, and poor conductors. 
Poor conductors are also called insulators. That is they resist the movement 
of. electrons through that. particular matter. 

, : Since this, electric current is^lowing through a matter in this case 

copper wire, certain factors effect this flow. These factors are (1) magnitude 
of current, (2) the resistance encountered by the current (3) potential 
difference between the-start and end of the current. 

^- "^^^ magnitude of curinent: The magnitude of current is defined 
as the rate at which an electric charge passes a given point. This is measured 
in amperes. Since rate is the volum||divided by time then one can say 



^ ' i I = Rate amfjsl ' ^' 

. . "' V = volume 

t = time 

--J^® "'^l* values in electricity are usually named after the scientists 
that discovered the ratio. > 

l = Amps (Amperes) 

g = coul. (Coulomb). Derived from the fact that (electron has a 

* # 

charge of 1.6 X 10 - 19 coul. 
Therefore, an ampei-e indicates that 6.3 x 10,18 electrons per second 
"flowed"' past a point. 

Since an electric demand me^y.be more^thJSfl the system may be able to 
deTlver, then the safety installed in the system is the fuse pr breaker. 

The continuity principle applys in electricity also. That is what 
volume enters the w.ire,the same volume w^ll have to be discharged. Thi^ 



discharge- could be in differer| forms. The most conwon is to transfbrm^this 
energy from kinetic to mechanical. That is^ to change electricity to ' 
electric motor. 



So if one is on^ly putting a flow rate of 10 amps inffS 



continuity principle indicates that the system will break down/T 




demand is greater than the ^pply. 

2. The resistance.! Since electrons- have to move thro uun moi 

/'^ . . . ' r 

they^ncounter a resistance.^All matter has some resistance to e. 
current. Some are more resistant than the others., This.-^the resistar^«., 
matter, can be used to the advantage electrical system in transformation of 
electric current to mechanical energy or to retard or stop the movement of 
current. ' 

This resistance has a unit value of ohms and is dependent on several 
factors. Aneng these ar:e: 

a. Temperature. An increase in temperature' increases the ■ 
resis/tance. ' 

Length. The resistance increases directly with the length. 

c. V_Cross-sectional area. Resistance varies inversely with 
cross-sectionarar&aj ^ . 

d. Material. The nature of the material is a factor. ' 

3. Potential difference' b^tv«en the start and end of current. To 
be able to make the electron^ move from onfe end of the wire to the other. end 
one must apply a force. This force or ^'pusK" is measured in volts. When thi-s 
force is applied a negative and positive sides are formed which therefore have 
a[ poterftial difference known as voltage. 



Example in a column of water since there is a difference of height 
from the surface of the water and the bottom this difference In height provides 
a potential energy which can be transformed to pressure. 

Let us look at a battery. .Ihe battery has a positive pole and a f 
negative pole. By saying that the battery has- 1 volt, it means that the 
strength X)f the battery is 1 volt. That is the difference of the number of 
electrons between the positive W pole and the negative (-) pole is 1 volt. 

{ It takes 1 unit of energy (joule). to move 1 coulomb of charge from 
oneTpoint to another. That means the flow of electrons is from negative pole 
to^ositive pole with a force of 1 volt. - 

By interacting the concepts of amjaeresTvoltage and resistance, a 
German* scientist named George Ohm wa.s able to show a constant relationship 
between the three concepts. This relationship is 

^ ~ ^ I = Current, amperes 

V = foV-ce voltage 
. R * Resistance ohms 

Example 1. A wire has a resistance of 10 ohms and carries a voltage 
of 30 volts. Calculate the^current^in the wire. 
Solution • 



I A 
■ ^ , ^ I - current 

V = voltage 

• . R = resistance 

I « 30 volts 
10 amps 

» 3 ohms ' 
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Example 2. If a unit has a draw current I of 5 amps and is attached 
to a 120 volt power source, calculate the resistance of .the unit. 
* Solution 



I 



R 



So V ■ IR 

and R = V 
T 

R » 120 Volts 
5 amps 

« 24 ohms 



R = Resistance 
V = voltage 
I = current 



1 



USES OF ELECTRIC CURRENT/ 
The uses of electric current* are varied. The most conmon use is to 
drive electric motors. The motor will perform world The rate at which work is 
being done is called power. If an amount of work (W) is done in a period of 
time (t), the power involved is 

P = w .p = Power watts 

t \ ■ ' ■ 

w = Work joules 

t » time sec. 

Power also is measured in horsepower (hp). 

1 horsepower " 500 ft. -lbs, or 3300 ft. -lbs. 



A correlation between watts arid horsepower is established. 



1 horsepower (hp) ■ 746 watts 



-Kow let us convert electric power to mechanical power. Since we 
know that it \takes one (ij unit of energy (joule) to move 1 coulomb of charge 
from one point to another to produce a volt, then it stands to reason that 
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V » w '.^ V ■ volume ' 

9 

w ■ work joules 
g ■ coulomb 

Since ' 

P " w , ' P ■ Power watts 



And * 
w ■ V X g 
Then 

P - V X g 



w - work (energy) joules 
V ■ voltage 
g ■ charge, cpi ;p,bs 
t ■ time sec. 



But we also know that 

I " |. I " current amps 

g ■ charge coulombs 
t = time sec. 

Then~^ 
P - V X I 

Several variations of being able to determine P (watts) can be 



found using 



1. P - V X I . 

2. V ■ I X R 

Two such variations are . > 

1. P - l2 R . ■ 
P - v2 

r 

Example: 140 ohm resistor is rated at 8 watts. 
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Calculate 

Current in amps 

i2^. The voltage 

Solution 

1. P > l2 R 

l2 = p 
IT 

I = P 
IT 




« 8 watts 
dinps 

» 33.3 volts 

i Example 2. - . .-^' '^ 

Problem: An electric- nfotoir draws a current of 8 amps and is connected 
to a 120 volt power supply. Calculate the horsepower >of thfe motor. (Neglect 
"efficiency). 
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Solution ' 
P » V X I 

''. 120 volts X 8 amps 
» 960 watts 

Since I'hp » 746 watts 
Then hp ■ watts 

746 watts 

- 960 

V - 1.28 hp ^„ 



■ . - 8 - ^ - ■ 

■ : • . ' ' ■ , ' ' , . ■ . ■ ■ : ' 

The concept In Example 2 of motor efficiency. Since no mechanical, 
unit Is 1003; efficient,, that Is the power or work put Into. a motor is not the 
actual power or work delivered -by that moto^. The difference in input and 
output Is due to: - , 

1. Generation of heat. 
) 2. Resistance jn the el ectn.ic wires in the ^otor. 

3. Frlct^ri due to rotating shafts." ^ L 

These are another form; of energy than mechanical and cannot be utilized 
• In that motor to do work that' is necessary. The manufacturer will provide an 
efficiency curve for that motor at specific work and power loads. 

Therefore, In Problem No. 2, if the motor was 90% efficient, what 
would the actual hp delivered by the rotating :shaft 

Actual delivered hp =- operating hp x efficiency 

hp = i.ze X 0.90 ^ • . 

' = 1. 15 hp , . 

Glossary . • ' 

Electrical current: Electrons moving^ through matjer. 
,, Amperes: The magnitude of current placed in a system that is the 
aiopunt of electrlctty. Expressed In amps. Symbol (I). 

Coulombs: A chargeVgiven by 6.3 x 108 electrons expressed in 
coulombs. Symbol (coul..) ' 

* • ■ - 

Voltage: The amount of force (power) placed on a system to provide 
a change between Its ends. Expressed in volts. Symbol (v). 

Resistance: The^ resistance offered by the system against the flow 
of electric current. Expressed 1n ohms. ^ Symbol (R). 

Power: The rate of work done In a unit of time, or the potential 
work that can be doni In a unit time. Express^ in watts or horsepower. 
Symbol P. 
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Ratio, of horsepower to wa^ 
Expressed as h 
1 hp =746 watts ' 

or \ ' 

1 hp « .746 Kw (Kilowatts) . 

Additional Reading 

Ewen, Nelsog, Schurter, McFadden, Physics for Career Ecff^cation ., 
Prentice Hall Publishers. Chapters 9 & 20 through 29. 

Subject Areas of Interest , " 

1. Work ' 

2. Power * ' 

3. Energy ^ . ' 

4. Static Electricity 

5. Direct Current Electricity 
' 6. ohm's Law and DC Circuits 

7. . DC Sources"/ 6 

8. , Generators , ^ 

9. Motors' 

10. Alternating Current Electricity 

11. Transformers 

12. Alternating Current Circuits 
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Problems * 

1. A res?lstor draws a currerit'of 16 amps and -is connected to, a 
110 volt supply. Calculate the powfer (>) in J<i3owatts. ' 



2. A resistor operates on a 115 V. line.' If the resistance is 
15 ohms, what current does it draw? 



3. An electric heater draws a maximum of 11.5 amps. 'If its ^ 
resistance is 18.5 ohms, to what voltage should it be connected to?, 

4. An . electric motor draws a current t)f 4 amps and .is connected/ 

' •■■1 ' . . 



to a 110 volt line. Calculate 

r in 



a. Power in watts . 

b. Horsepower , ^ 



5. How many amperes will a 100 watt lamp on a 110 volt line draw? 



. / - 11 A 



How man/ ampferes will 4 % hbrsepowiir motor on -4/120 voH line 

draw? - - v ■ . .■ ' .'• ' .. ■ 

• . . ^ ; ■ . ' . .'i. ... . : . • • 

^ ..■ ■ .•■ ■ • . • - .■ ■ -. ' 

, . y. A' motor draws' a current of 14 amps-' and 1 s connected to a 240 volt 

'line. ^If the motor efflclertcyrls 9035, calculate the- actual delivered horsepower: 

• ■ ' - " . ■ ■■ ■•' ■■ ■ • . ■ ■ ■ 

• •• • . ■. ■ ■ ■ ' 

. I. « • . ........ ' ■ _ 

* ■ : . • ■ ■^. • , ■, ^. • . ■' ■ . ■ * 

./ ■. ■ »■■ - *■ ■ . ■- ■-■ ■ ■■ ■ ■ . 

. . 1 8.- . The^ motor 'In Problem -7 Is njy drawing 15 amps of current. The 
actua^T. dellyerepi horsepoJt/er^ls the same. Calculate the new efficiency. 



9. A motor] draws 10 amps of Current. It has a resistance of 12 ohms, . 

■ ' . . . ' . ■ y . ■ ' ■ • • ■ 'z ' 

Total number ipif hours It operates Is 14 hours. jCalculate. - 
a. Voltage of the system. "\ 
• - b/ Thr power ^( watts) the Tirotpr uses. ^ ' , 

^ (>. -the operajSing horsepower. , ' 

*■ ■ ' . ' * . , „ ^ . ' • ' ' ' ■ ^ 

V /d# The total wajt'ts consumed^ - . 

; e. ^he total\opcrat1n Is $.12 , > 



